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ABSTRACT 


This quantitative process for appraising fire hazard from activity 
fuels combines fire- and fuel-modeling with decision analysis principles 
to produce an estimate of expected burned area. Expected fire 
occurrence, climate, fuel loads, fire behavior, and suppression 
capability are considered in the fuel appraisal process. Two case study 
examples are presented. 
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This report has three major sections: The first contains background 
information, the second is a brief discussion of the steps in the activity 
fuel appraisal process, and the third contains detailed instructions for 
the process and two examples of its application. The examples are 
color coded with each step of the examples positioned beside the 
general discussion of that step. 

The first case study describes the evaluation of ways to mitigate fire 
hazard from a precommercial thinning project in larch-Douglas-fir in 
Montana. In the second study, alternative fuel treatments are 
evaluated for Douglas-fir sawtimber slash in Oregon. 


-BACKGROUND INFORMATION 


Decision Analysis 


The general approach described for fuel appraisal is decision 
analysis—a combination of quantitative modeling and decision theory 
(Howard 1973). Bentley and Kaiser (1967) use decision analysis to 
evaluate alternative investment opportunities for Christmas tree 
growers. Talerico et al. (1978) illustrate the applicability of decision 
analysis for pest control decisions, and Fight and Bell (1977) present a 
conceptual discussion of decision analysis applications to timber 
management planning. Roussopoulos (1979) discusses the use of 
decision analysis for determining management needs for fuel 
information. The approach has been used successfully in private 
industry and government for decisions involving complex, dynamic, 
and uncertain factors. 

Decision analysis is used in fuel appraisal to evaluate alternative 
fuel management strategies in the face of uncertainties about future 
fire occurrence, weather, fire behavior, and fire size. 

An important concept in decision analysis is “expected value,” a 
probability-weighted average of all possible outcomes. Some examples 
will help illustrate this concept. 

Imagine that you are given the opportunity to play a game: a fair 
coin will be tossed, and if the head side lands up you will receive $1. 
For a tail you receive $0.10. Unfortunately, you must pay $0.60 to 
play the game. You are now faced with making a decision—should 
you play or not? 

This situation is represented in the decision tree shown in figure 1. 
The tree shows decision alternatives and the probabilities of the 
possible outcomes. The probabilities and outcome values make it 
possible to numerically evaluate the decision alternatives. 

The node marked with a square is a decision node. Each branch 
from this node describes a decision alternative. If you choose the top 
branch (Not play), you pay nothing, but you receive nothing. If you 
choose the bottom branch (Play), you pay a cost of $0.60, but the 
outcome is uncertain. Therefore, the “Play” branch leads to another 
node—a probability node (marked with a circle). From this point, two 
outcomes are possible—heads or tails. Because the coin is fair, each 
outcome has a 0.5 probability (50% chance) of occurring. The 
probabilities are indicated in parentheses in figure 1. 
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Figure 2.—Decision tree for a hypothetical fuel treatment decision. Treatment 


cost is $500 and fire-related costs total $100 per acre. 
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Figure 4.—A general decision tree for fuel treatment analysis. This tree is used 
to estimate expected burned area for a specific fuel situation. 


Fire Occurrence 


Past records provide the best means for estimating the fire 
occurrence rate in an area. Records of individual fires are maintained 
in a magnetic tape library at the USDA Fort Collins Computer Center 
(Roussopoulos et al. 1980). Other agencies maintain similar records on 
computer files. These records can be accessed to determine the annual 
fire occurrence rate for an administrative unit. This rate can be 
prorated over the desired area. If future fire occurrence rate is 
expected to change, the historical rate can be adjusted. 


Fire Behavior 


If a fire occurs, the expected fire behavior depends on weather 
conditions, topography, and fuels. Rothermel (1972) developed a 
mathematical fire behavior model which makes it possible to estimate 
fire behavior over a wide range of these influencing factors. 

Rothermel’s model estimates the forward rate of spread and the 
intensity at the actively flaming front of a “steady-state” fire. 

Spotting, erratic flame movement, or other ‘special’ types of behavior 
are not considered. Input parameters for the model include: 


Ovendry fuel loading (pounds per square foot) 
Surface-area-to-volume ratio (square feet per cubic foot) 
Total mineral content (pounds minerals per pound fuel) 
Silica-free mineral content (pounds minerals per pound fuel) 
Heat value (Btu per pound) 

Ovendry particle density (pounds per cubic foot) 
Moisture of extinction (percent) 

Fuel depth (feet) 

Fuel moisture (percent) 

Topographic slope (percent) 

Wind speed at midflame (feet per minute). 


"UO1}D9S }X9U JU} UI [lejJap Ul 
paqiosap st juawaspnl y1odxe ZurAjijuenb 10j ainpasoid y “(fp “3tj ul 
std y3no1y} °d) uojeny!s 3u1}}0ds pue AjIsuaj}Ul Ydea 1OJ S9UIOD4NO aZIs 
d1j SNOLLA 0} satqtiqeqoid usisse puke soleuads aly jON1}SUOD Oj pesn 
SI SladeueU aIlj JO JUaWIaspnl ay} ‘a1OJoaY] “Paf[O1]UOD aq [IM aj e 
YSIYM je aZIs ay} Japou 0} AjyIqeded uolje[Nus [e1aUad OU SI BOY | 


9ZIC J1Ily 


‘JUOW 
‘PINOSSIW ‘AlojesOge7 AJ/4 |SAIO4 UAYJON ay] Jo Apawoy ‘eyse/y ‘syuequier 
‘AIJSIO4 UJAYLION {0 AJN}IJSU] ‘WNION POY YIIM UO/JEO/UNWWOD /BUOSJAad; 


‘puodas Jad j00j sad nig OOZES St Aysuajul auljamy pue “%OLS 
sl ammjsiour yang ‘Inoy Jed sap OT< st paads purm uayM Ajax] st ur} 
-jods juBdIsIUSIS yeY} ,S}SIJUAIDS aI] JSAIOJ JO SjUsUIespn{ ay} UO paseq 

are salyiqeqoid assay] “(p ‘S1J) 924] UOISIDap ay} JO 9pou j}xoU 9Y} UT 
umous ‘Sd pue *d ‘satqtpiqeqoid 3ut330ds ay} sayeulljse osfe AHA 

‘p ain3ry ut ¢d pue ‘?d ‘'dse umoys age saryiqeqoid 

Ayisuaqut sutjasty ay] “Aysuajut aurjpasy JO UOTNQLIYsIp Aq[Iqeqoid e 

S]ON.IJSUOD pue ejJep 19y}eIM [CUOT}IPUOD-ad1j []e 10j [apour [any Aue 10j 
[Japou a1] s JaULIaYIOY sassadoid AH GAY Iq wess01d 1ayndurod ay] 

‘YMA wessoid saynduios Aq paysijdurosce st sty] “(O86L TP 

ja sojnodossnoyy) Areiqr] eye sUaLINIIO adj [eEUOHeN] ey} Ul pepsIoOdeI 

se adUaLINd90 arly ysed UO [eUOIIPUOD paj}daas ale eJeP Jay}2IM “UOSeaS 

any ay} ZuuNp sAep [fe uO Ind90 03 Ajax] Apfenba jou are sany esnedeq 

‘(SZ6L YUU pue ueuLNy) Areiqr] Bed JoyyaM AY [EUOHEN oY} WOT) 
aUIOD (aIN}slow [anj pue paads pulm) syndur Jayqam pemnbar ay]. 

‘Japour jauLIayOY ayy Aq postnba1 slojauered 

peqjenj ay) [je sepnpout Qyqq TAN wor yndjno ay “3urddo] 

Aq Yse|s dy] JO JUIUIJeaI] PUL SpoYja BUIsZO] JUAIAFFIP JO S}I9FJo OU} 

}Da]Joi UBD [apo sy |, “*Zulqynd Jaye siead ¢ pure ‘¢e ‘T peqjanj suly[nsel 

3Y} aqlidsap 0} BjJep JYZIoM 9a} [eENplAlpul pue ‘uoiydudsaid 8utyynd 

e ‘eIep ajqe} pueys sasn Qqq TAN wessosd sayndwod sy] “puejs s10j 
Aue ut sjanj AjIA1}9e JO} paj}oNsjsuOd aq Ued s[apou fen} atsivads-a}S 

‘AIJUNOD yj JO suOTsaI SIflDads 10J sjapour ajyeuidoidde ay} 3utqDe[9s 

UI JaSN ay} JsISSe SAUT[apINd “Jaquul] paso[d 0} YsN4q OF ssei3 WOLJ 
SUOT}IPUOD Janj [eINyeU jUasaidar Ajayenbape sjepour [enj paztAis 

"sjany [einjyeu ZuIpUNOLINs se [[aM se 

sjany AjIAlqoe payeazjun pue payee] Juasaidas yey] papaeu ore sjapout 
Jang ‘sjuawtyeaz} Janj SuLjeNyeAa ut sisAyeue UOISIDap asn O} JopIO U] 

“IOTARYAq 

aij aUaNJU! Jey} SUOTIIPUOD atydeisoishyd pue 1ayj2aM Ajisads siaje 

-wiered aaiy} yse] ay, “UOHeNys Janj s1j!0ads e jo uonduosap jeoewnu 
e—Japoul Jang & 3ynjysuOdD siajawtered JYBIa 4SILJ yi ‘AJPATIAT[OD 


THE ACTIVITY FUEL APPRAISAL PROCESS 


Overview 


The Activity Fuel Appraisal Process consists of five analysis 
activities: defining the problem, fuel modeling, modeling fire behavior, 
estimating fire size, and estimating expected burned area. The process 
is summarized below and described in detail in the following sections. 

Figures 5 through 8 illustrate the role of each step in the Activity 
Fuel Appraisal Process. 


Defining the Problem 


Step 1: Establish boundaries of area to be included in the analysis. 
This will often be a drainage. 

Step 2: Obtain present and projected stand data and a cutting 
prescription for the area. 

Step 3: Define the fuel treatment alternatives to be evaluated. 

Step 4: Obtain historical fire records for the analysis area or a 
surrounding area with similar fire history. (Several years of fire 


records are needed.) 
Step 5: Obtain historical weather data for the fire weather station 


which best represents conditions in the analysis area. 


Fuel Modeling 


Step 6: Select stylized fuel models representing the natural fuels in 
the analysis area. 
Step 7: Develop site-specific activity fuel models to represent the 


activity fuelbeds. 
Step 8: Modify the activity fuel models or select other stylized 


models to reflect fuel treatment effects. 


Modeling Fire Behavior 


Step 9: Merge the fire records and weather records (selected in steps 
4 and 5) to produce a weather data file for days on which fires have 
occurred. Using these fire-conditional weather data, run the fire 
behavior model for each fuel model selected in steps 6, 7, and 8. 


Estimating Fire Size 


Step 10: Define a set of possible final fire size classes. 
Step 11: Assign occurrence probabilities to all fire size classes. 


Estimating Expected Burned Area 


Step 12: Evaluate a decision tree for each fuel treatment. 
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INSTRUCTIONS AND EXAMPLES 


The instructions for the activity fuel appraisal process are given in 
the following pages, with two examples of the application of each 
step. The instructions for each step are in black type, beginning in the 
leftmost column of each double-page spread. An example of the 
application of each step on the Flathead National Forest (Montana) is 
printed in green to the right of the instructions. A similar example 
from the Siskiyou National Forest (Oregon) is printed in blue to the 
right of the Flathead example. In cases where the number and size of 
figures preclude inclusion of all the instructions and examples for a 
step on a double-page spread, the examples continue onto a second or 
third spread. 


Defining the Problem 


Step 1: Establish Boundaries of the Analysis Area.—The analysis area 
should include not only the activity fuel area, but also adjacent 
areas which could influence or be influenced by fires in the activity 
area. Usually the boundaries will correspond to a well defined 
drainage or a designated “pre-attack block.” The final determiners 
are normal work unit planning convenience and homogeniety of 
fuels and fire history. To help determine the boundaries of the 
analysis area, ask the question “Under extreme conditions, where 
might a fire burn if it starts in the slash? What type of burning 
pattern could result?” 

Future management actions which would result in additional 
activity fuels must also be addressed when designating this 
boundary. Timber harvesting, cultural activities such as thinning or 
release, or other slash-producing management activities can 
significantly alter the overall fire hazard. It will often be useful to 
include units with similar future management plans in the same 
analysis area. 

Because the results of the activity fuel analysis will be affected 
by the scope of the designated analysis area and the management 
alternatives chosen for it, much thought and consideration are 
needed in making this boundary decision. 


Flathead Step 1.—Hungry Horse District of the Flathead National 
Forest plans to thin 2,100 acres of a 10,000-acre stand of larch (Larix 
occidentalis Nutt.) and Douglas-fir (Pseudotsuga menziesii (Mirb.) 
Franco) on Fire Fighter Mountain near Hungry Horse, Mont. Three 
units, each about 700 acres, will be thinned. Slopes average about 
30%. 

Continuous slash in 700-acre units is unacceptable because of the 
large-fire potential it represents. Therefore, the units will be thinned in 
smaller blocks, separated by uncut strips. Continuous crowning fires 
have not occurred in the project area and persistant high winds are 
rare, so the uncut strips will provide a buffer of low fire hazard 
between cut blocks. The width of the strips and the size of the blocks 
have not been determined. 
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Step 2: Obtain Stand Data and Silvicultural Prescription. —Current and 
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projected stand conditions and cutting prescriptions must be 
specified so fuel quantities can be predicted. A representative stand 
table listing the total trees per acre by diameter classes and 

species for areas to be harvested or thinned is essential. The same 
information must be listed for trees to be cut. If more than one 
silvicultural treatment is being considered for a stand, each 


prescription should be specified. 
The required data for a hypothetical ponderosa pine (Pinus 


ponderosa Doug!. ex Laws.) stand are shown below: 


Ponderosa pine 


D.b.h. Before To be 
cutting 
inches. wren trees per acre -------- 
1 100 
4 100 
6 100 
10 70 
1, 50 
16 30 
Total 450 
Fs Wr a fo BS . \ 
Se) Sasi eat Ne L Mba. So ae eee 5 ut ‘ As AL 
Slash Grass Brush Seedlings Saplings Poles 
Years —> 0 5 10 20 30 
Tree Canopy<———- Open>=_—_____- Semi-open/Semi-closed 
Fuel 
Models | 9 2 


Figure 9.—Diagram of stand changes that may occur following harvest. Fuel 


models that may be applicable to each phase of stand development are 
indicated. Numbers refer to the “fire behavior” fuel models (Albini 1976a). 
Specific models are suggested for illustration only. The actual models most 


appropriate for a stand will vary with the area being considered. 


Immature 


The merchantable top standard is 6 inches. This stand will be 
referred to throughout this section. 

If the long term effects of fuel treatments are to be evaluated, 
expected changes in the fuel conditions of the analysis area must be 


specified. A simple model describing vegetation and fuel change with 
time is sufficient. Figure 9 illustrates an example of vegetation change 
and possible related fuel models. 
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Siskiyou figure 2.—Fuel dynamics of a stand in the case study area. Median 
fireline intensities are plotted for the no treatment case and the 8 x 10 and 
6 x 6 YUM treatments. The magnitude of the “slash” fireline intensity is 
influenced by the amount of activity fuel and the type of fuel treatment 
applied. The magnitude of the ‘“‘brush”’ fireline intensity is also influenced 
by prior activity fuel treatments. “Second Growth” fire behavior does not 
reflect any intensity effects due to residual activity fuels. However, all three 
stand phases after cutting will exhibit resistance-to-control differences 
because of fuel treatment activities. 
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Step 3: Define Fuel Treatment Alternatives. —A variety of treatment 
alternatives are available for use by the land manager after a manage- 
ment activity such as timber harvesting. These alternatives include 
lopping, yarding unmerchantable material, piling, piling and burning, 
and broadcast burning. Feasible alternatives may vary by region or 
locality, and should be specified for evaluation. Doing no treatment 
may often be a feasible alternative. 


a 


Flathead Step 3.—A fuel management plan must be selected to 
provide protection to the thinned stand commensurate with costs. 
Four alternatives are being considered by District personnel: (1) 
thinning in 50-acre blocks; (2) thinning in 100-acre blocks; (3) lopping 
slash in the 50-acre blocks to a 2-foot standard depth; and (4) 
removing post-pole material in the 50-acre blocks. Mechanical 
crushing of the slash was not considered because the steep slopes 
(greater than 30%) preclude using heavy machinery. 

Flathead figure 1 (pages 18 and 19) is a decision tree which 
summarizes the Fire Fighter Mountain fuel treatment problem. 
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10,000 (.02) 
700 (.38) 
400 (.30) 
200 (.20) : 
100 (.10) 
10 (0) 
10,000 (0) Pp 
700 (0) 
400 (.10) 
200 (.50) p 
100 (.39) 
10 (.01) 
10,000 (0) os 
700 (0) 
400 (0) 
200 (.40) 
100 (.40) 
10 (.20) 


10,000 (0) “Untreated slash 
700 (0) 


100 acre blocks 
400 (.10) 


200 (.50) 
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10 (.01) 
10,000 (0) 
700 (0) 
400 (0) 
200 (0) 
100 (.80) 
10 (.20) 
10,000 (0) 
700 (0) 
400 (0) 
200 (0) 
100 (.20) 
~_10 (80) 


Fireline intensity 
(Btu/ft/sec) 


Time of detection 


Yes 
(01) 


Expected acres burned per fire 
Expected acres burned annually 


Number of ignitions in slash annually 


(99) 


(.61) 


No 100-700 
(.46) 


No 700 + 
(.01) 


2 2 


~ No 100-700 Night 


(.62) (.39) 


No 0-100 
(.37) 


a 8, 


Flathead figure 1.—This decision tree summarizes the Fire Fighter Mountain 
fuel treatment decision analysis. The probability of an outcome (fire size) is 
the product of the probabilities for all branches leading to the outcome. The 
expected acres burned per fire for an alternative is the sum of all products of 
fire sizes and their respective probabilities. The expected annual number of 


acres burned is the product of expected acres burned per fire, and 0.08, the 
number of ignitions each year. 
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Step 4: Obtain Historical Fire Records. —A data file containing the 
dates of past fires over a span of several years is needed. Fire 
occurrence data for USDA Forest Service fires since 1970 are stored in 
the National Fire Occurrence Data Library (Roussopoulos et al. 1980). 
In addition, fire history data are usually available from each regional 
office or other administrative unit, such as a Bureau of Land 
Management District Office. 

To produce a reasonable fire intensity distribution, the file should 
have as many fires as possible for the analysis area. Depending on fire 
occurrence rates, enough records may be available from the analysis 
area itself. If not, an expanded area may be selected to supply the 
required data. The expanded area must have fire history and weather 
conditions similar to the analysis area. 


a a I TaD SD IS AT OE ED ES OR RS ee ea ee eee ee 


Flathead Step 4.—Both the Fire Fighter Mountain area and the 
entire Flathead National Forest are characterized by a very low fire 
occurrence rate. Fire records for the 2.4-million-acre National Forest 
showed 529 fires between 1970 and 1975. This indicates an average 
rate of 0.37 fire per 10,000 acres per year (or 1 fire per 10,000 acres 
every 2 to 3 years). This agrees with local experience for Fire Fighter 
Mountain. Prorating the occurrence rate to the slash area gives 
(2100 + 10,000 acres) x 0.37 fire =0.08 fire per year. Historically, 61% of 
the fires have occurred during daytime hours (8 a.m. to 5 p.m.). 

These fire occurrence numbers are recorded in the decision tree 
(Flathead fig. 1). 

A computer file of all Flathead National Forest fires from 1970 to 

1975 was created for later use in step 9. 


Step 5: Obtain Historical Weather Data.—A data file containing 
daily weather records for the same years as the fire records (step 4) is 
needed. Weather data are available in the National Fire Weather Data 
Library for all fire weather stations. Procedures for accessing these 
data are described by Furman and Brink (1975). The data should be 
from the fire weather station which best represents the weather 
conditions in the analysis area. Avoid choosing a station which is 
separated from the analysis area by a major weather-modifying 
feature such as a mountain range or a large lake or reservoir. 


Fuel Modeling 


Step 6: Select stylized fuel models to represent natural fuel condi- 
tions. —Fuel descriptions for all fuel conditions existing in the analysis 
area are required. For the natural fuels (timber, brush, and grass), 
select the most appropriate stylized fuel models (Albini 1976a, 1976b; 
Deeming et al. 1977). Some USDA Forest Service regions have local- 
ized guides for selecting appropriate fuel models.* Anderson‘ also 
discusses some of the considerations involved in matching a fuel 
model with a real fuel condition. 


‘USDA Forest Service, Southwestern Region. National Fire Danger Rating 
System fuel models of the southwestern United States. USDA Forest Service, 
Southern Region. National Fire Danger Rating System fuel models of the 
southern United States. 

‘Anderson, Hal E. Manuscript in preparation. Aids to determining fuel models 
for estimating fire behavior. USDA Forest Service Intermountain Forest and 
Range Experiment Station, Ogden, Utah. 


Flathead Step 5.—Weather data from Hungry Horse fire weather 
station (number 240217) for 1970 to 1975 were selected to represent 
local weather conditions. These data were stored on a computer file 
for use in step 9. 


Flathead Step 6.—The uncut stand is a young, closed canopy forest. 
According to the down woody fuel inventory, it has a light 
accumulation of down fuels. There is less than 1 ton per acre of sound 
down woody fuel and about 9 tons per acre of rotton woody fuel. 
The “closed timber litter” stylized fuel model is most representative of 
this stand. 
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Step /: Vevelop dite-Dpecinic Activity ruel Iviodels to ikepresent the in addition to the activity fuels, the existing Gown fuels must De 
Activity Fuelbeds.—Each silvicultural action results in a unique accounted for. This is accomplished by estimate or by performing a 
activity fuelbed. A fuel model is needed for each fuelbed. This down woody fuel inventory (Brown 1974). Down woody fuel loads 
requirement is satisfied by use of computer program FUELBED. for the hypothetical stand are shown below: 

FUELBED requires as input an estimate of gross debris loads. Debris 
from cutting activities is composed of the crowns, tops, and other Fuel load 
unmerchantable material from the cut trees. The quantity of debris left Fuel size class Sound Rotten 
on the site is related to the number of stems cut, type of cutting 
activity, tree species, tree diameter, and utilization standard. Tree inches =r tons per acre ------ 
weight relationships developed by Brown et al. (1977) make it possible 
to estimate debris loads for Rocky Mountain species from the stand 0 to 1/4 0.5 = 
table and cutting prescription (step 2). Tree weight relationships for 1/4 to 1 1.0 = 
species in other forest regions are described by Roussopoulos and 1to3 1S a 
Loomis (1979), Roussopoulos and Johnson (1975), Snell et al. (1980), 3 to 6 2.6 0 
Wartluft (1977), Loomis and Blank,* and Harrell.” Other references 6 to 10 3.3 0 
and examples are described in “Debris Prediction,” a slide-tape 10 to 20 3.6 0 
training course.® Over 20 1.8 0 


Some Forest Service Regions have computer programs (e.g., 
DEBMOD in the Northern Region) to make debris estimates. These 
programs read stand exam or timber sale cruise data records and 
directly estimate the debris loads which will result from the cutting 
activities. 

Where a debris prediction computer program is not available or if 
stand data are not on computer file, debris loads can be estimated by 
use of tree crown weight tables (Brown et al. 1977). Figure 10 shows a 
crown weight table for western conifers. For program FUELBED, the 
debris loads must be apportioned between two fuel size 
classes—particles less than 3 inches in diameter and those 3 inches or 
larger. This is accomplished by use of acrown component fraction 
table (fig. 11). Table 1 demonstrates the computation of debris loads 
for the hypothetical stand. 


61 oomis, Robert M., and Richard W. Blank. Manuscript in preparation. 
Estimating northern red oak crown fuels in the northeastern United States. 
North Central Forest Experiment Station, St. Paul, Minn, 
7Harrell, R. D. USDA Forest Service, Pacific Southwest Region supplement to 
General Technical Report INT-37. USDA Forest Service, San Francisco, Calif. 
’Debris Prediction is a slide-tape course developed by the USDA Forest 
Service, Rocky Mountain Forest and Range Experiment Station, Fort Collins, 
Colo., and USDA Forest Service, Aviation and Fire Management, Washington, 
D.C. The course is available from the National Audiovisual Center, Washington, D.C. 
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Table 1.—Debris weight computation for the hypothetical ponderosa pine stand 


Ponderosa pine' Fraction of 
Total crowns and Slash weight* 
D.b.h.' weight tips 

Before Tobe per tree? 3inches <3inch 23inch <3inch 23inch <3inch >3inch 

cutting cut and larger? 
inches --- trees per acre---- pounds -- pounds per tree*-- -- pounds per acre®-- -- tons per acre®-- 
1 100 50 33 0 3:3 0 165 0 0.08 0 
4 100 50 40 0.31 27.6 12.4 1,380 620 69 0.31 
6 100 25 93 34 61.4 SiGe 1k535 790 at 40 
10 70 35 243 .30 170.1 72:9 5,954 2,552 2.98 1.28 
12 50 38 315 .23 242.5 72:5 93215 2,755 4.61 1.38 
16 30 30 521 18 427.2 93.8 12,816 2,814 6.41 1.41 
Total 450 228 -- - - - 31,065 9,531 15.54 4.78 


‘Stand conditions and cutting prescriptions. 

2Crown weight data transcribed from figures 10 and 11. 

3Slash weights per tree are derived from the total weight and crown fraction data. 

‘Slash weight of 23 inch material from 6 inch trees is 0.34x93 = 31.6 pounds. The weight of <3 inch material is 
93-31.6=61.4 pounds. 

*Pounds per acre /s the product of slash weight per tree and trees cut per acre. 

®Debris load converted to tons per acre. 


Table 2.—Fuelbed characteristics for 3-year-old ponderosa pine 
slash for the hypothetical stand’ 


Particle Heat Total Silica-free Surface area 
Category Loading density content ash ash to volume 
fraction fraction ratio 
pounds per pounds per Btu square feet 
square foot cubic foot per pound per cubic foot 
Ponderosa pine slash 
Needles 0.1847 35.6 8,730 0.0311 0.0160 1,756 
Timelag class 
1-hour .0187 33.1 9,260 0245 .0120 260 
10-hour .2765 30.6 8,800 0219 .0090 90 
100-hour .2009 30.6 8,800 0219 .0090 30 
1000-hour .2116 30.6 8,800 0219 .0090 11 
Down woody 
Timelag class 
1 hour 0229 32.0 8,000 .0550 .0100 450 
10-hour 0459 32.0 8,000 .0550 .0100 90 
100-hour .0688 32.0 8,000 .0550 .0100 30 
1000-hour 1193 32.0 8,000 .0550 .0100 11 
.1515 32.0 8,000 .0550 .0100 6 
1652 32.0 8,000 .0550 .0100 3 
.0826 32.0 8,000 .0550 .0100 2 


‘Fuelbed depth is 1.44 feet; moisture of extinction is 16%. 
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to determine the amount of slash contributed by each t ee to be cut on 
the Fire Fighter Mountain site. Individual tree weights for the pertinent 
species and size classes for the site are summarized below: 


D.b.h. 
class 
Fuel size Species 
class Spruce Douglas-fir Larch 
inches See OLIN Pel ETE rae 
1 to 3 
<3 14 16 -- 
23 1 it fe 
3to4 
<3 = = 24 
>3 = = 18 
4to5 
<3 -- -- 34 
>3 = = 44 


To obtain the fuel loading in tons per acre, each tree weight is 
multiplied by 1,000 (the number of stems per acre to be cut in each 
species/size class) and divided by 2,000 pounds per ton. The following 
tabulation shows the results: 


D.b.h. 
class 
Fuel size Species 
class Spruce Douglas-fir Larch 
inches. | wnewnnnncnnnnnnnnmn tons per acre ------------------- 
1 to 3 
=< 6) 7 8 23 
23 0.5 0.5 =e 
3to4 
<3 -- -- 12 
23 = = 9 
4AtoS 
<3 = _— 17 
23 == -- 22 


A down woody fuel inventory indicated an additional 10 tons per 
acre of fuel exists before thinning. 

These data are used as input to FUELBED (Flathead fig. 2) to make 
a detailed model of the activity fuelbed for Fire Fighter Mountain. 
Although the procedure estimates fuelbed characteristics for 1, 3, and 
5 years following cutting, this study assumes the third year fuelbed 
represents the average condition over a 10-year slash-hazard period. 
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oer 8: oreclty Fuel aviodele to oneflect Fuel Treatment Effects.—Each _ 
treated fuelbed must be represented by a fuel model. In addition, if 
treatments are to be evaluated over time, a series of fuel models is 
needed to represent the changes in fuels over time. 

The effect of lopping the fuel to a 2-foot standard depth can be 
modeled directly using the FUELBED program (step 7). Other proce- 
dures are used for other treatments and for fuel changes over time. 

The simplest procedure is to select the most appropriate stylized 
model for a treated fuel situation. For example, following a broadcast 
burn treatment for ponderosa pine slash, an area might be represented 
as a model for open pine stands. As another example, for western 
areas characterized by brush fields after logging, the brush fuel model 
might represent a phase of fuel dynamics of the area. Whenever 
possible, selecting the “best” stylized model is the recommended 
procedure for reflecting fuel treatments and fuel dynamics. 


where an existing stylized model is not applicable, it ‘may be 
possible to modify an activity fuel model. Step 7 explained how site- 
specific activity fuel models are constructed. Table 2 is an example of 
such a fuel model. Certain fuel treatments may alter these fuelbeds in 
predictable ways. As an example, assume a treatment removes 50% of 
all 100-hour and 1,000-hour fuels; removes 25% of 1-hour and 
10-hour fuels; and reduces fuelbed depth by 75%. Applying these 
alterations to the fuelbed in table 2 results in the fuel model shown in 
table 3. It is in essence a site-specific treated fuel model. 


Table 3.—Simulation of the treated ponderosa pine slash fuelbed' 


Particle Heat Total Silica-free Surface area 
Category Loading density content ash ash to volume 
fraction fraction ratio 
pounds per pounds per Btu square feet 
square foot cubic foot per pound per cubic foot 
Ponderosa pine slash 
Needles 0.1385 35.6 8,730 0.0311 0.0160 1,756 
Timelag class 
1-hour .0140 33.1 9,260 0245 .0120 260 
10-hour 1383 30.6 8,800 0219 .0090 90 
100-hour .1005 30.6 8,800 0219 .0090 30 
1000-hour .1058 30.6 8,800 0219 .0090 11 
Down woody 
Timelag class 
1 hour 0172 32.0 8,000 .0550 .0100 450 
10-hour .0230 32.0 8,000 .0550 .0100 90 
100-hour 0344 32.0 8,000 .0550 .0100 30 
1000-hour 0597 32.0 8,000 .0550 .0100 11 
.0708 32.0 8,000 .0550 .0100 6 
.0826 32.0 8,000 .0550 .0100 3 
0413 32.0 8,000 .0550 .0100 2 


‘The loadings were derived from table 2 as described in the text. Fuelbed depth is 0.36 foot; moisture of extinction is 


16%. 
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Modeling Fire Behavior ~ 


Step 9: Combine Fuel and Weather Data with Fire Modeling to 
Produce Estimates of Local Fire Behavior.—Wildfires are more likely 
to start on days with certain weather conditions. For modeling fire 
behavior, it is desirable to use weather data only for conditions when 
fires are likely to occur. A fire-conditional weather file (containing 
weather records for fire-days only) is needed to approximate these 
conditions. 

The computer program FIREWX creates this fire-conditional weather 
file by comparing the individual fire records (step 4) and the daily 
weather records (step 5). It converts weather observations to fuel 
moisture estimates and saves the records for only those days on which 
fires have occurred. 

These fire-conditional weather data and the fuel data are combined 
(through Rothermel’s (1972) fire model) in FIREBHV to produce 
localized estimates of fire behavior. The output of FIREBHV consists 
of cumulative probability distributions of selected fire behavior 
characteristics. Fireline intensity probabilities are needed in the 
following steps. 

The user either supplies a site-specific activity fuel model (from step 
7) or specifies an appropriate stylized model and topographic slope. 
FIREBHV then generates distributions intensity probabilities and spot- 
ting probabilities (fig. 13). 


Probability 
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Figure 13.—A cumulative probability distribution of fireline intensity. This 
graph shows the levels of fire behavior which can be expected in the 
hypothetical, ponderosa pine slash. For example, a chance of 5% (0.05 
probability) exists for a fire in the 0-100 Btu per foot per second category. 
For the 100-700 Btu per foot per second category, the probability is 0.53, and 
for a fire in excess of 700 Btu per foot per second, the probability is 0.42. 
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Siskiyou Step 9.—Cumulative frequency distributions of fireline 
intensity were developed for each stylized fuel model and each site- 
specific activity fuel model. Distributions for the treated and untreated 
activity fuels are plotted in Siskiyou figure 4. 
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Siskiyou figure 4.—Cumulative distribution of fireline intensity for treated and 
: untreated activity fuels. 
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: 055 “lasses. —To determi 
fire size classes, the interviewer should begin with a simple line of 
questioning to ascertain the minimum and maximum fire sizes which 
could occur in the analysis area. 

For example, the interviewer might ask what acreage could be 
burned within the analysis area if the worst possible conditions 
existed. “Would the entire drainage burn, or could fires be controlled 
after burning only a portion of the drainage?” After being satisfied 
that the expert has provided the best estimate of potential maximum 
fire size, the interviewer would ask for an estimate of a minimum 
sized fire. For example, “Under ideal conditions, at what size could a 
fire be contained?” 

Between these extremes, it may be useful to consider one to three 
additional sizes. Perhaps an individual harvest block is a useful size to 
consider. Areas such as slope faces, or zones of continuous similar 
fuels could also be considered in selecting appropriate fire size classes. 
Fuel breaks, roads, major ridges, and other topographic discontinuities 
help define the possible limits of fire spread, and therefore also forma 
basis for these size classes. By carefully questioning the local fire 
expert, a set of fire size classes can be defined that will adequately 
describe the possible outcomes of a fire starting in the analysis area. 


Jer. ross 


Flathead Step 10. —District fire experts were questioned to quantify 
their knowledge about fire size for the fire behavior situations in the 
decision tree. They felt the fire behavior estimates (Flathead fig. 3) 
indicated that fires occurring in the unthinned stand will burn with 
low intensity and will be relatively easy to suppress with hand tools. 
Fires burning in the slash will burn with very high intensity and, if not 
suppressed almost immediately, will be uncontrollable until they reach 
the slash boundary. 

Although fire intensity in the unthinned stand is extremely low, a 
fire crossing the boundary from the slash into the unthinned stand will 
not immediately drop in intensity. The extreme fire behavior in the 
slash will cause predrying of the trees in the leave strips, making 
crowning likely. It is the opinion of fire experts that crowning and 
severe fire behavior will continue for approximately 100-150 feet 
beyond the slash boundary. The fire will then drop to the ground and 
gradually assume normal timber/litter model behavior. The sparse 
ground fuels and low wind velocities at the site preclude continuous 
crowning in the unthinned stand. Therefore, to provide a sufficient 
opportunity to contain most fires on the ground before encountering 
additional slash blocks, an uncut buffer strip should be wider than 
150 feet. 

Based on this fire behavior analysis, there was a strong consensus 
among the District fire staff that with no spotting, a majority of fires 
would be confined to one or two thinning blocks, but few fires would 
be stopped before reaching the edge of the block in which they 
started. There was also a consensus that fires could involve more than 
two blocks only under high intensity burning conditions (700+ Btu per 
foot per second), and spotting would be required for fires to get even 
larger. Most large fires would be confined to one of the 700-acre 
thinning units. 

The above reasoning was used to define seven fire size classes with 
average sizes of 10, 50, 100, 200, 400, 700, and 10,000 acres. The 
10,000-acre class was included to account for the possibility of a very 
large fire that burns the entire analysis area. 
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Step 11: Assign Occurrence Probabilities to Fire Size Classes. —In 
this step the interviewer questions the fire expert to construct a 
probability distribution for the specified fire size classes. A probability 
is simply a numerical expression of the likelihood of an event. 
Probabilities can be expressed in several ways, such as ratios or 
percents. Expressions that are most familiar to the fire expert must be 
used. A probability wheel (figure 14) is one method which may be 
used to help the expert envision the probability situation. A linear 
scale is another method by which probabilities can be visually 
displayed. 


aS eee 


The three hatched units above illustrate a probability which can be 
expressed as three chances in ten, 0.3 , or 30%. Although 10 segments 
are shown, any number of equal segments can be used to illustrate the 
desired problem. 

The interviewer will describe a specific fire situation—including fire 
intensity, spotting likelihood, and fuel type. Each branch tip on the 
decision tree (fig. 4) represents a fire size outcome for a particular fire 
situation. The fire expert must then assign probabilities to each 
specified fire size for this fire situation considering local factors, such 
as suppression resources and access, that influence fire size. Then a 
new fire situation involving different fuels or fire behavior will be 
described and the probability assignment process repeated. This 
continues until fire size probabilities have been assigned for each fuel 
treatment alternative and fire behavior combination. 

It is recommended that the fire expert first consider the probabilities 
of the largest and smallest fire size classes, and then to “fill in’ the 
values for the intermediate classes. The probabilities must sum to 1.0 
for each fire situation. 
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Figure 14.—Diagram of a probability wheel. The proportion of the wheel that is 
black is shown on the back (lower diagram). This proportion can be varied by 
rotating the movable face of the wheel. In this case, the probability is 0.2 
(20%, or 1 chance in 5) that the black part of the wheel would stop opposite 
the pointer after the wheel is spun. 
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Siskiyou figure 5.— Decision/event tree for the study area representing the fuel 
situation for forest conditions projected in the 50th year. Expected annual 
burned acres for each compartment and each treatment is shown in 
brackets. The historical fire occurrence rate is 2.06 fires/year. The expected 
annual acres burned for the entire watershed with 6 x 6 YUM treatment in Hope 


compartment is 47 + 21 + 1 =69 acres. 
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Estimating Expected Burned Area 2 4 eS g 
2 : 8 8 
Step 12: Evaluate a decision tree for each fuel treatment. —Each fuel 2 3 S E93 2) ey 
treatment will be represented by a decision tree. An example is shown ae g es a 
in figure 4. The specific structure of the tree will vary with the 3 £ E 25 = 
problem being analyzed. £5 8 re 
Performing the decision tree calculations results in an estimate of a e 3 
expected area burned for a specific fuel treatment alternative. The us = 
results for all alternatives are compared to select the best fuel (01 4000 
treatment. oy 
The computer program DECTREE performs all the decision tree Yes (82) 500 
calculations. The user must define the tree structure and supply as (12) 100 
input all event probabilities and outcome values. Steps 1 through 11 (.84) 
have made all these inputs available. A completed decision tree is 700 + ) a0 
shown in figure 15. (42) (.00) 1000 
52 0 
No (.52) 50 
33 10 
(.16) oe 
Fe (.15) 10 
| 100 
No treatment co) z 
at 
100-700 No (ts) 20 
.60 100 
(.53) (60) 
(.25) 10 
(.00) 1000 
01 500 
a 0-100 No oy) e 
59 100 
(.05) es 
(.40) 10 
(.00) 1000 
.05 500 
100-700 No oe) 
15 100 
(.28) ee 
[28] (.80) 10 
.00 1000 
Yard mo) 
(.00) 500 
unmerchantable 0-100 No 
P (.40) 100 
material (.72) 
(.60) 10 


Figure 15.—Decision tree showing two treatment alternatives for the ponderosa 
pine slash treatment problem. The tree segment for each treatment 
alternative corresponds to the general tree shown in figure 4. Note that the 
700+ intensity branch was not required for the “yard unmerchantable” option. 
In this example, fire occurrence rate is 0.6 fire per year. 
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Siskiyou table 1 summarizes the expected acres burned annually by 
fires of different size and intensity classes for the 50th year in the 
Hope compartment. These estimates may be useful because the effect 
of fire on resources is a function of fire size and intensity. YUM 
treatments can have a considerable impact on resource production by 
reducing the largest and highest intensity fires. 

YUM treatment reduction of large fires is also shown by the 
following comparison of the probabilities of 900+ acre fires for the 
three treatments (again for the 50th year in the Hope compartment): 

No treatment.—P(900 + ) = .042 or an expectation of 1 fire every 
24 years; 

8 X 10 YUM.—P(900 + ) = .030 or an expectation of 1 fire every 
33 years; 

6 X 6 YUM.—P(900+ ) = .017 or an expectation of 1 fire every 
59 years. 

This is a useful expression of the mitigation of potentially damaging 
large fires by YUM treatments. In some cases the risk of large fires 
may be the most important consideration in selecting a fuel treatment. 


Siskiyou Table 1.—Contribution to total annual expected burned acreage by fire 
size and intensity classes. Data are for the Hope compartment at year 50. 


Fireline intensity (Btu per ft per s) 


0-100 100-700 700 + 


Fire size No 8x106x6 No 8x106x6 No 8x106x6 
(acres) trt YUM YUM trt YUM YUM trt YUM YUM 


1 2 2 2 1 SU ‘il x0) 0 0 

15 4 4 4 2.1 1.6 2.2 2 1 1 
100 8 9 9 5.0 6.2 5.2 2.2 1.0 9 
600 5.0 5:0 3:8) = 1286) (2451 120) 25:45 > atilk9 3.9 
1000 0 0 0) Oia AG 14 23.1 13.9 2.8 
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U.S. Department of Agriculture 
Forest Service 


Rocky Mountain Forest and 
Range Experiment Station 


The Rocky Mountain Station is one of eight 
regional experiment stations, plus the Forest 
Products Laboratory and the Washington Office 
Staff, that make up the Forest Service research 
organization. 


RESEARCH FOCUS 


Research programs at the Rocky Mountain 
Station are coordinated with area universities and 
with other institutions. Many studies are 
conducted on a cooperative basis to accelerate 
solutions to problems involving range, water, 
wildlife and fish habitat, human and community 
development, timber, recreation, protection, and 
multiresource evaluation. 


RESEARCH LOCATIONS 


Research Work Units of the Rocky Mountain 
Station are operated in cooperation with 
universities in the following cities: 


Albuquerque, New Mexico 
Bottineau, North Dakota 
Flagstaff, Arizona 

Fort Collins, Colorado* 
Laramie, Wyoming 
Lincoln, Nebraska 
Lubbock, Texas 

Rapid City, South Dakota 
Tempe, Arizona 


*Station Headquarters: 240 W. Prospect St., Fort Collins, CO 80526 


